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A CIRCUIT AND A METHOD TO SCREEN FOR DEFECTS IN AN ADDRESSABLE 

LINE IN A NON-VOLATILE MEMORY 

TECHNICAL FIELD 

5 [0001] The present invention relates to a circuit and a method to screen for defects in an 
addressable line in a non- volatile memory. 

BACKGROUND OF THE INVENTION 
[0002] Non-volatile semiconductive memory cells are typically arranged in an array comprising 
of rows and columns. The rows and columns of memory cells are addressed by a plurality of 

10 addressable lines such as word lines, bitlines, source lines and drain lines. As used herein and in 
the claims, the term "addressable line" means any of the foregoing wherein a line accessing one 
or more memory cells electrically connected to the line can be addressed. Because the memory 
cells that are connected to an addressable line must be accessible or addressable during this 
operation, it is critical that after a memory device is manufactured that it be tested to ensure that 

15 there are no defects on an addressable line. Furthermore, in some particular memory cell arrays, 
such as that disclosed in U.S. Patent No. 5,029,130, whose disclosure is incorporated herein by 
reference in its entirety, an addressable line such as a word line may require a high voltage to be 
supplied thereon to cause either an erase or a programming operation. In such event, even if the 
defect on the addressable line is not a total defect, i.e., an open circuit, a defect still exists if the 

20 required voltage is not high enough to perform the requisite operation. 

[0003] Thus, there is a need to devise a method to screen the addressable line for defects. 

SUMMARY OF THE INVENTION 
[0004] In the present invention, a circuit to screen for defects in an addressable line in a non- 
volatile memory array comprises a current mirror circuit connected to the addressable line. The 
25 current mirror circuit has a plurality of mirroring stages. The current mirror circuit receives a 
control signal and mirrors the control signal to provide a current to the addressable line. The 
current on the addressable line is used to screen for defects. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0005] Figure 1 is a block level schematic view of an array of non-volatile memory cells 
connected to a plurality of addressable lines which are screened by the circuit and method of the 
present invention for defects. 

5 [0006] Figure 2 is a detailed circuit diagram of the circuit of the present invention to screen for 
defects in an addressable line in the non- volatile memory array shown in Figure 1 . 

[0007] Figure 3 is a graph showing voltage versus time of the control signal applied to the input 
of the current mirror circuit of the present invention and the voltage that results on an 
addressable line which is good or which has a defect. 

10 [0008] Figure 4A is a graph of current versus voltage for transistor 46 which is part of the 
current mirror circuit of the present invention. 

[0009] Figure 4B is a graph of current versus voltage for transistors 48 and 50 which are part of 
the current mirror circuit of the present invention. 

[0010] Figure 4C is a graph of current versus voltage for transistor 46 connected in parallel with 
15 the transistors 48 and 50 which is part of the current mirror circuit of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0011] The present invention is a circuit 30 for use to screen or to test defects in addressable 
lines in a non- volatile memory array 10. Referring to Figure 1, there is shown an example of a 
non-volatile memory array 10 to which the circuit 30 and the method of the present invention 

20 may be used. The non-volatile memory array 10 comprises a plurality of addressable lines 
20(a . . . n). Each of the addressable lines 20 has a first end 14a and a second end 16a and 
extends from one end of the array 10 to the other end of the array 10. A plurality of non-volatile 
memory cells 12(aa . . . 12na) is attached to each addressable line 20a. A plurality of addressable 
lines 20(a ... n) is shown in the array 10. As previously discussed, the circuit 30 and the method 

25 of the present invention may be used to detect or to screen for defects in each of the addressable 
lines 20. Each addressable line 20 can be a word line, a source line, drain line, bitline, select gate 

2 
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line, etc. In the preferred embodiment, each of the memory cells 12 is of a non-volatile memory 
cell and preferably of the type using floating gate for storage, and is connected to each 
addressable line 20. A high voltage is applied to the addressable line 20 to effectuate either the 
operation of erase or program to the memory cells 12 connected thereto. Because a high voltage 
5 is applied to the addressable line 20, it is desired to detect defects in the addressable line 20. The 
circuit 30 and the method of the present invention can accomplish this goal. As used herein, the 
term defect is not necessarily limited to an open circuit condition. Rather, because a high voltage 
must be applied to the addressable line 20 to effectuate either an operation of erase or program, 
any type of defect, including but not limited to reduction in the current carrying capacity or high 
10 resistance on the addressable line 20, is deemed a defect and it is desired to be detected before 
the memory cell array 20 is packaged and sold. 

[0012] Referring to Figure 2, there is shown a circuit diagram of the detection circuit 30 of the 
present invention. The circuit 30 is a current mirror circuit comprising of a plurality of mirroring 
stages (1-4). Each of the current mirror stages (1-4) mirrors the current that is supplied in the 
15 other stages. Thus, the first current mirror stage 1 is connected to each of the word lines or 

addressable lines 20 to which the circuit 30 of the present invention is connected to detect defects 
therein. 

[0013] The current mirror circuit stage 1 comprises a first P-channel high voltage transistor 32. 
The first P-channel high voltage transistor 32 has a first terminal connected to a source of high 
20 voltage, HV, and a second terminal connected to the addressable line 20a. . .n. Current flows 
from the high voltage source HV through the first P-channel high voltage transistor 32 to the 
word line 20 and through the capacitor 34. The capacitor 34 is simply a schematic representation 
of the capacitance of the non-volatile memory cells connected to the word line 20. 

[0014] The current flowing through this current mirror stage 1 is mirrored at current mirror stage 
25 2. The current mirror stage 2 comprises a second P-channel high voltage transistor 36 whose 

first terminal is also connected to the high voltage source HV. The gate of the second P-channel 
high voltage transistor 36 is connected to the gate of the first P-channel high voltage transistor 
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32. In addition, the gate of the second P-channel high voltage transistor 36 is connected to the 
second terminal which is connected to the first terminal of a first N-channel high voltage 
transistor 38. The second terminal of the first N-channel high voltage transistor 38 is connected 
to ground, thereby forming the current path for the second stage current mirror 2. 

5 [0015] The current flowing through the second stage current mirror 2 is also mirrored in the third 
current mirror stage 3. The third current mirror stage 3 comprises a first P-channel low voltage 
transistor 40 whose first terminal is connected to Vcc or low voltage. The second terminal of the 
first P-channel low voltage transistor 40 is connected to the first terminal of the second high 
voltage N-channel transistor 42 at its first terminal and to its gate. The gate of the second N- 
10 channel high voltage transistor 42 is connected to the gate of the first N-channel high voltage 
transistor 38. The second terminal of the second N-channel high voltage transistor 42 is 
connected to ground. The current flowing from Vcc to ground through the transistors 40 and 42 
forms the third current mirror stage 3. 

[0016] The current flowing through the third mirror stage 3 is mirrored at the fourth current 
15 mirror stage 4. The fourth current mirror stage 4 comprises a second P-channel low voltage 

transistor 44 whose first terminal is connected to Vcc and whose second terminal is connected to 
the gate of the transistor 44 and to the gate of the transistor 40. The current flowing through the 
transistor 44 is then connected to a node which is connected to two paths. In a first current path 
4b, the current flows through a third P-channel low voltage transistor 46 with native or low 
20 threshold voltage, and then to ground. The second current path 4a from the node is supplied to a 
first N-channel low voltage transistor 48 whose first terminal is connected to the node and whose 
gate is connected to the gate of the third P-channel low voltage transistor 46. The second 
terminal of the first N-channel low voltage transistor 48 is connected to a second N-channel low 
voltage transistor 50 at its first terminal and to its gate. The second terminal of the second N- 
25 channel low voltage transistor 50 is connected to ground. The second N-channel low voltage 
transistor 50 having its gate connected to its first terminal is connected in a diode configuration. 
Preferably, the transistor 46 is of a weaker transistor than transistors 48 and 50. As is well 
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known, based upon current law, current 4 that passes through transistor 44 is equal to the current 
flow 4a plus 4b. 

[0017] Referring to Figure 3, there is shown a graph of voltage versus time of the control signal 
applied to the external pin and the voltage versus time as it is applied to two addressable lines 
5 20(a and n); WLg (addressable line 20a which is good) and WLg (addressable line 20n which is 
defective). Initially, if the control signal applied to the external pin is of a pulse 70, both the 
good word line 20a and the defective word line 20n would show an increase in voltage 72. After 
the pulse 70 has been applied, and a period 74 of ground is applied, the voltage on the good word 
line 20a would remain at the peak at which its voltage had risen. However, the voltage on the 

10 defective word line 20n would begin to decay. When another voltage pulse 76 is applied on the 
external pin, the voltage on the good word line 20a would again rise. The voltage 78 on the 
defective word line 20n, however, would also rise but from a lower level. Therefore, the end 
voltage difference between the good word line 20a and the defective word line 20n would differ 
as shown by the right-hand side of the graph shown in Figure 3. This condition can be detected 

1 5 by one of two methods. 

[0018] In a first method, the current mirror circuit 30 can be used to apply the voltage to one end 
14 of each of the addressable lines 20. A probe is attached to the other end 16 of each of the 
addressable lines 20 and the voltage at the other end 16 is detected and that would be 
determinative of whether the addressable line 20 is good or is defective. 

20 [0019] In a second method of the present invention, the voltage on the various addressable lines 
20 is used to effectuate an operation to the memory cells 12 that are electrically connected to the 
addressable line 20. For example, as disclosed in U.S. Patent 5,029,130, a high voltage is 
applied to the word line to cause an erase of the floating gate of the memory cells 12 attached to 
the word line 20. Thus, initially, all of the memory cells 12 that are connected to the addressable 

25 line 20 in question would be first programmed. Subsequently, the method of the present 

invention would be used to cause a high voltage to be supplied to the addressable line 20. If the 
memory cells 12 electrically connected to the addressable line 20 that is being tested fails to be 
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erased, then that is indicative of a defect on the addressable line 20. The condition of whether 
the memory cell 12 is erased or not can be determined by reading out each of the memory cells 
12 connected to the addressable line 20 which is undergoing testing. 

[0020] Referring to Figure 4A, there is shown a voltage versus current graph for the transistor 46 
5 used in the current mirror circuit 30 of the present invention. As previously discussed, the 

transistor 46 is a P-type with a native or low threshold voltage and being weaker than transistor 
48 and 50. By "weaker" it is meant that transistor 46 has a lower current carrying capacity than 
either transistors 48 or 50. In short, its width to length ratio of its channel region is smaller than 
the width to length ratio of the channel region for transistors 48 and 50. As can be seen in 
10 Figure 4A, the transistor 46 exhibits a slow and weak conduction capability. 

[0021] Referring to Figure 4B, there is shown a voltage versus current graph of transistor 48. 
Transistor 48 is a stronger transistor than transistor 46 and has a higher threshold voltage than 
transistor 46. As a result, transistor 46 requires a greater gate voltage, Vg, to turn on. Further, 
once turned on, it carries a greater amount of current than transistor 46. The result of connecting 

1 5 transistor 46 in parallel with the serially connected transistors 48 and 50 is shown in Figure 4C. 
The current/voltage characteristics of the circuit comprising of transistor 46 connected in parallel 
to the serially connected transistors 48 and 50 is a graph 60 shown in Figure 4C. The graph 60 
has two regions of operation: a first region 64 and a second region 62. The first region 64 may 
be deemed a "fine tuned" region since it takes a greater amount of voltage increase before 

20 current will begin to slowly rise. In contrast, the second region 62 may be deemed an 

"accelerated region". As can be seen in Figure 4C, a relatively small increase in the gate voltage 
Vg causes a large current output in the accelerated region 62. 

[0022] The advantage of using the transistors 46, 48 and 50 connected in the manner shown in 
Figure 2 is that the circuit 30 of the present invention permits a fine-tuned method to determine 
25 defects in the addressable line 20. One can use a large gate voltage Vg, which is the control 

signal supplied from the external pin, to quickly test and read all the addressable lines 20. If all 
of the cells 12 in the entire array 10 have been erased, the method may be stopped. However, if 
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a defect is detected and at least one cell 12 is not erased, then one can perform the method of the 
present invention again using the fine-tuned region 64 to slowly input voltage Vg into the sector 
of cells that is of interest to determine the particular addressable line 20 that is defective. 
Alternatively, the fine-tuned region 64 can also be used to detect process deviation during the 
manufacturing of the array 10. Thus, the circuit 30 of the present invention affords a greater 
degree of flexibility in determining defects in the addressable lines 20 of the array 10. 
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